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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The ordinary temperature conjugation method of the silicon wafer characterized by being the 
approach of joining a silicon wafer and a silicon wafer, irradiating the plane of composition of both 
silicon wafers, and carrying out sputter etching in the vacuum of a room temperature in advance of 
junction by the inactive gas ion beam or the inert gas high-speed atomic beam [claim 2] The irradiation 
time of said exposure is the ordinary temperature conjugation method [claim 3] of the silicon wafer 
according to claim 1 characterized by being 1800 seconds from 10 seconds. The irradiation time of said 
exposure is the ordinary temperature conjugation method [claim 4] of the silicon wafer according to 
claim 1 characterized by being 30 seconds from 10 seconds. The applied voltage of the beam source of 
said inactive gas ion beam or an inert gas high-speed atomic beam is the ordinary temperature 
conjugation method [claim 5] of the silicon wafer according to claim 1 characterized by being 0.1 -3kV. 
The amount of etching of said sputter etching is the ordinary temperature conjugation method [claim 6] 
of the silicon wafer according to claim 1 characterized by being Inm - 40nm. Said vacuum is the 
ordinary temperature conjugation method [claim 7] of the silicon wafer according to claim 1 
characterized by being 10 to 3 or more torrs. The ordinary temperature conjugation method of the silicon 
wafer characterized by being the approach of joining a silicon wafer and a silicon wafer, irradiating the 
plane of composition of both silicon wafers for 1800 seconds from irradiation time 10 seconds by the 
inactive gas ion beam or inert gas high-speed atomic beam whose applied voltage and plasma currents of 
each beam source are 1 .2kV and 20mA in the vacuum of 10 to 3 or more torrs of a room temperature, 
and laying it on top of after an appropriate time 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the conjugation method of a silicon wafer. This 
technique can be used for the assembly and the closure of the electronic parts created with the ultra-fine 
processing technology of a semi-conductor, and a machine part. 
[0002] 

Pescription of the Prior Art] In manufacture of the chip of an integrated circuit, the components for 
micro machines, etc., it may be necessary to join the detailed components which consist of silicon. In 
such a case, as shown in drawing 7 as the conventional junction approach, hydrophilization processing 
of the plane of composition of silicon components is carried out using water-soluble chemicals, such as 
H2 02+H2 S04. Give a hydroxyl group, it is made to jom based on association between the hydroxyl 
group of the plane of composition, and a water molecule, and heat-treatment is raising bonding strength 
further (refer to the direct adhesion technique of Si wafer (application physics 60 (1991) 790)). 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the bonding strength at the time of contact 
had been acquired by giving a hydroxyl group on the surface of a wafer, the reinforcement in this phase 
was small, association by hydrogen bond needed to be changed into firmer association by heat 
treatment, and heat-treatment was required of this conventional junction approach for this reason. 
However, since these heat-treatment has a possibility of damaging the components by which micro 
processing was carried out, promotion of contact in the plane of composition by the load with push, 
electrostatic attraction, etc. is needed at the time of. to which application might be restricted, and 
junction, and application is restricted from the possibility of breakage of the components which carried 
out micro processing of the ******** similarly. Since it is such, development of the junction technique 
of the silicon wafer which does not need forcing or heat-treatment by the load is desired. It aims at 
offering the junction approach of the silicon wafer which this invention is made in view of the situation 
like the above, and has big bonding strength, and does not need forcing or heat-treatment by the load. 
[0004] 

[Means for Solving the Problem] Corresponding to this purpose, the ordinary temperature conjugation 
method of the silicon wafer of this invention is the approach of joining a silicon wafer and a silicon 
wafer, and is characterized by irradiating the plane of composition of both silicon wafers, and carrying 
out sputter etching in the vacuum of a room temperature, in advance of junction, by the inactive gas ion 
beam or the mert gas high-speed atomic beam. 
[0005] 

[Embodiment of the Invention] Hereafter, the drawing in which the gestah of 1 operation of the detail of 
this invention is shown is explained. The wafer junction equipment first used by the wafer junction 
approach of this invention is explained. In drawing 1 , 1 is wafer junction equipment. Wafer junction 
equipment 1 has the vacuum chamber 2. The wafer receipts-and-payments opening 3 of the vacuum 
chamber 2 can be opened and closed by the door 4. The wafer attachment components 5 and 6 of the 
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pair countered and located in the vacuum chamber 2 are arranged. One wafer attachment component 5 is 
being fixed in the vacuum chamber 2, and the wafer attachment component 6 of another side is attached 
in the lower limit of a push rod 7. the condition that the push rod 7 maintained the airtight of the vacuum 
chamber 2 - a straight line — wafer 8b of another side which it was movable and was held can be 
contacted to wafer 8a of another side held at one wafer attachment component 5. 
[0006] Furthermore in the vacuvun chamber 2, two beam irradiation equipment 1 la and 1 lb is arranged. 
One beam irradiation equipment 1 la is for irradiating one HAWEHA 8a, and beam irradiation 
equipment 1 lb of another side is for irradiating wafer 8b of another side. Whenever [ over each wafer / 
illuminating-angle ] is adjustable. The vacuum of the vacuum chamber 2 lets the evacuation opening 12 
pass, and is formed by the vacuum pump (not shown). 

[0007] Thus, the constituted wafer jxmction equipment 1 is used and the wafer junction approach of this 
invention is made as follows. The plane of composition of the wafers 8a and 8b joined first is washed. 
The contents of washing actuation are the same as the processing currently used with the conventional 
wafer junction technique. UAHA 8a and 8b after washing and desiccation is installed in the vacuum 
chamber 2, and it attaches in the wafer attachment components 5 and 6 of a pair. Next, the inside of the 
vacuum chamber 2 is decompressed. Extent of reduced pressure is 10 to 3 or more torrs. Next, it 
irradiates fi*om 10 seconds at a room temperature, the plane of composition of both wafers 8a and 8b is 
irradiated for 30 seconds fi-om 10 seconds especially preferably for 1800 seconds by the inactive gas ion 
beam or the inert gas high-speed atomic beam, and sputter etching is carried out. In this invention, it has 
meaning with this very important irradiation time. The applied voltage and the plasma currents of the 
beam source of this high-pressure inactive gas ion beam or an inert gas high-speed atomic beam are 0.1- 
3.0kV and l-50mA, for example, although it is considerably dependent on the source of a beam to be 
used. The amoxmt of etching of sputter etching is Inm - 40nm. Next, after an exposure, a push rod 7 is 
lowered and the plane of composition of Wafers 8a and 8b is piled up. It is not an important element to 
pressurize both the wafers piled up in this invention. Junction of a silicon wafer is completed by this. 
[0008] 

[Example(s) of Experiment] 

(Experiment facility) The sample as shown in drawing 3 was started and used by the diamond saw from 
tiie 4 inch N type silicon wafer of about 20-ohmcm. It operated orthopedically in the platform 
configuration with a stage, and the sample lost the effect of an edge to adhesion. KOH etching 
performed this configuration by using the heat oxygen film as a mask. This sample was washed in 
advance of junction after etching. The contents of washing actuation are the same as the 
hydrophilization processing ciuxently used with the conventional wafer junction technique. It installed in 
the vacuum devices which show a sample to drawing 2 , and the inside of vacuimi devices was 
decompressed to lxl0-8torr, after an appropriate time was made to generate an argon high-speed atomic 
beam as the two-set beam source using FAB 1 10 (Ion Tech Ltd. company (Britain) make), and the plane 
of composition of a sample was irradiated. The applied voltage and the plasma currents of each beam 
source were 1 .2kV and 20mA. 45 degrees and irradiation time changed whenever [ beam illuminating- 
angle ] from 10 seconds to 1800 seconds. 

[0009] (Experimental result) Drav^ng 4 is the graph in which pulling and showing the result of a trial. 
Although both do not join a sample so then into a vacuum ambient atmosphere for several hours, both 
are joined when an argon beam is irradiated for at least only 10 seconds. The thing of the maximum 
bond strength was a thing of the exposure for 30 seconds. When irradiation time surpasses 30 seconds in 
the relation between irradiation time and bond strength, a big difference does not have the thing of an 
exposure in bond strength for 300 seconds. If 300 seconds is surpassed, bonding strength will fall rather. 
This bonding strength is almost the same as the bonding strength in the wet method which needs 900- 
1 100-degree C heating of a conventional method. In the case of junction, addition of a load is 
unnecessary. The relation of the load and bonding strength to add is shown in drawing 5 . Bonding 
strength is almost changeless in the range of load 0.025Mpa-l .8Mpa so that clearly from drawing 5 , and 
this value is almost the same as the bonding strength obtained with the wet method which needs 1 100- 
degree C heating of a conventional method. It is clear to the bonding strength of this approach fi^om this 
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that addition's of a load it is not a big element. 
[0010] 

[Effect of the Invention] By giving the bonding strength for removing in a vacuum adsorption gas, 
natural oxidation film, etc. which exist on the surface of a v^afer by the junction approach of silicon 
UAEHA this invention by etching a wafer front face with inert gas beams, such as an argon, and joining 
them to a front face, and piling this up in a vacuum using the fi-ont face of a wafer being very smooth, it 
nothing-heats, and it is non-energized and a wafer comrade can be joined. By the junction approach of 
the wafer this invention, as shown in drav^g 6 , since neither a water molecule nor an oxide film exists 
in a fi-ont face in order to etch with inert gas beams, such as an argon, but junction between the atoms of 
a wafer is formed, the plane of composition of a silicon wafer can form firm junction in ordinary 
temperature. For this reason, it is applicable also to the junction of components to which forcing and 
heat-treatment by the load can cause breakage and by which micro processing was carried out. 
According to this invention a passage clear fi"om the above explanation, the jimction approach of the 
silicon wafer which has big bonding strength and does not need forcing or heat-treatment by the load 
can be acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The configuration explanatory view showing silicon wafer junction equipment 
[Drawing 21 The configuration explanatory view showing the experimental device of silicon wafer 
junction 

[Drawing 31 Drawing showing a sample 

[Drawing 41 The graph showing the resuU of a hauling trial 

[Drawing 51 The graph showing the relation of the load and bonding strength to add 

[Drawing 61 The explanatory view showing the principle of junction of the silicon wafer of this 

prlwing 71 The explanatory view showing the principle of junction of the conventional silicon wafer 
Pescription of Notations] 

1 Wafer Junction Equipment 

2 Vacuum Chamber 

3 Wafer Receipts-and-Payments Opening 

4 Door 

5 Six Wafer maintenance pair member of a pair 
7 Push Rod 

8a, 8b Wafer 

11a, 1 lb Beam irradiation equipment 
12 Evacuation Opening 
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Abstract Of JPi 0092702 

PROBLEM TO BE SOLVED: To realize large 
junction strength and eliminate the necessity 
for pressing by load and heat treatment by 
irradiating the junction surface of silicon wafers 
with an insert gas ion beam or an inert gas 
high-speed atomic beam at a room 
temperature in a vacuum prior to junction. 
SOLUTION: Junction surfaces of wafers 8a, 
8b to be joined are cleaned. The waters 8a, 8b 
after cleaning and drying are installed in a 
vacuum chamber 2. The wafers 8a, 8b are 
then mounted on a pair of wafer-holding 
members 5. 6. Then, the pressure in the 
vacuum chamber 2 is reduce. Subsequently, 
sputter etching is carried out by irradiating the 
junction surfaces of both the wafers 8a, 8b 
with an inert gas ion beam or an Inert gas 
high-speed atomic beam at a room 
temperature for 10 to 1800 seconds, and more 
preferably for 10 to 30 seconds. 
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